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Abstract 
Gas diffusion in porous media are great importance in many science and engineering fields. In this paper, lattice Boltzmann 
method is applied to simulate the gas diffusion in the fractal reconstructed porous building materials. The isotropic porous 
materials are reconstructed by the random midpoint displacement (RMD) algorithm. In addition, the filtering and linear spatial 
transforms are introduced to reconstructed anisotropic porous materials which conform to the typical characteristics of porous 
building materials. The two-point correlation function and fractal dimension of anisotropic porous media present uniform with 
the anisotropic strength varied from 0 to 0.6. Lattice Boltzmann method is developed to study the gas diffusion behaviors in the 
reconstructed anisotropic porous materials with different fractal dimension. The effective diffusion coefficients along different 
directions of anisotropic porous materials are analyzed. 
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1. Introduction  
Due to the growing serious indoor environmental problems, the migration of Volatile organic components (VOCs) 
in porous building materials, such as middle density fibreboard, high density fibreboard and particleboard, has  
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attracted increased attention in the field of indoor air quality. The mechanisms of VOCs migration in porous 
building materials can be described as the gas diffusion in the porous media [1]. Therefore, the effective diffusion 
coefficient is a key parameter to present the migrate characteristics of VOCs in the porous building materials .  
Using the experiment chamber environment method, the material/air partition coefficient and the effective 
diffusion coefficient of porous building materials were derived from experimental data[2]. In addition, a new 
measure method was proposed to determine the key parameters of formaldehyde emission, such as the initial mobile 
formaldehyde concentrations, partition coefficients, and the effective diffusion coefficient from porous building 
materials, whereby the effective diffusion coefficient is obtained by fitting the concentration at the emission stage 
into a mass-transfer-based model[3]. In the aspect of numerical simulation study, the emission processes of VOCs in 
porous building materials are examined based on the numerical calculation of Fick law[4]. Considering the real pore 
sizes distribution of porous building materials, two-scale model was proposed to predict the migration 
characteristics of VOCs in porous building materials, and the calculation results of this model agree with the 
experimental results very well [5]. 
Owing to microscopic and complex topological structure of porous building materials, the mechanisms of VOCs 
migration in microscopic pores is difficult to explore for most cases. An appropriate method which can be used to 
describe and construct the structure characteristics of real porous media is critical for analyzing the diffusion 
behaviors of gas including VOCs in porous building materials. In recent years, the fractal reconstruction have been 
developed as one of promising methods for constructing stochastic porous materials. The fractional Brownian 
motion model (FBM) was proposed based on the fractal characteristics of porous media which provide a probability 
to generate stochastic and heterogeneous binary media according to the fractal morphological descriptors of real 
porous materials including porous building materials. Using the proposed fractal reconstruction method, the two- 
and three-dimensional fractal porous media can be constructed, and the relationship between fractal dimensions and 
permeability of porous media was revealed [6,7].  However, few studies have reported on gas diffusion in the fractal 
anisotropic porous media which is a typical structure characteristic of porous building materials.  
2. Reconstruction method of anisotropic porous materials 
In order to construct the fractal porous building materials, the fractional Brownian surface (2D) or fractional 
Brownian media (3D) will be generated using the fractional Brownian motion. The correlation function of fractional 
Brownian motion BH can be expressed as follows: 
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where σ0 is a constant for isotropic process. H is the Hurst exponent that is determined by fractal dimension. The 
random midpoint displacement algorithm is a typical method which is employed to generate stochastic fractal 
images such as artificial terrain rough surface, and stock price fluctuation curve, which follow the fractional 
Brownian function statistically. In addition, if an appropriate threshold are selected according to the desired porosity 
of porous media, the binary porous media can be generated for the fractional Brownian rough surface using binary 
processing.  
 The fractal characteristics of stochastic porous media can be described by a fractal dimension. As a simple and 
effective method, the box-counting measurement is a commonly used method to implement in the measurement of 
fractal dimension. For a given porosity (ε), the effect of Hurst exponent on the fractal dimension (D) of porous 
media was investigated in this paper. As shown in Figure 1, the fractal dimension of porous media (ε=0.8) linearly 
correlates with the Hurst exponent. The negative relationship between H and D is presented in this Figure. In 
addition, the straight line in Fig.1was extrapolated from a linear fit of the fractal dimension of fractional Brownian 
rough surfaces when the Hurst exponent was from 0.05 to 0.5 and the value of R2 is 0.972.  
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Fig. 1. Fractal dimension vs. Hurst exponent (¦=0.8). 
As mention in the introduction, the porous media with anisotropic structure exist in many fields. Due to the most 
of porous building materials consisting of the wood fibers, the anisotropic characteristics must be considered in the 
study of transport processes in porous building materials structures.  A typical structure characteristic of 
particleboard shows in Fig.2. 
 
Fig. 2.The structure of porous building materials consisting of the wood fibers. 
For constructing anisotropic porous media with different anisotropic strength, the methods of filtering and linear 
spatial transforms are introduced. Firstly, in order to the anisotropic fractional Brownian rough surface, a structure 
function of fractional Brownian motion is proposed [8]: 
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where f(θ) is a periodic function, and θ is the angle of O& . The f(θ) can be written as:  
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where ψę[0,1] represents the anisotropic strength, and θ0 denotes the privileged direction of the field. Next, the 
anisotropic porous media is generated from isotropic FBM, a structure filter Hφ was tentatively introduced to 
generate a spectrum of anisotropic Brownian rough surface: 
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where SI can be obtained using the Fourier transform for isotropic FBM. An anisotropic Brownian rough surface 
was transformed from the inverse Fourier transform of SA. Using the binary processing for anisotropic FBM based 
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on a  selected threshold, the geometric structure of porous media is constructed with different anisotropic strength 
and privileged direction as shown in Fig.3.  
        
         (a) ψ=0                                 (b) ψ=0.2, θ0=π/2   
        
(c) ψ=0.6, θ0=π/2                       (d) ψ=0.6, θ0=π/4   
  Fig.3. Binary images of anisotropic porous media (H=0.3, ¦=0.8). 
3. Lattice Boltzmann method 
Based on the isothermal binary mixtures model, the lattice Boltzmann model is developed to simulate binary gas 
(species σ and ς) diffusion in porous media [9]. As a form of theoretical research, the same molecular mass for 
species σ and ς is assumed. Based on Bhatnagar- Gross- Krook approximation, the lattice Boltzmann equation 
without external force is given as follows: 
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where f 
 α
σis the lattice velocity distribution function of the σ species in the direction α. Jσσα ,Jσςα  are the self-collision 
term and cross-collision term of the species σ and ς, which can be written as: 
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The Maxwellian equilibrium distribution functions are given by the following: 
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where τσ and τσς are the relaxation time for self-collisions and cross collisions. ρσ, and uσ are the density, velocity of 
the σ species, respectively. u and T is the velocity and temperature of the binary gas. eα is the discrete lattice velocity, 
and ωα is the weight coefficients in the direction α. The macroscopic variables can be obtained from Eqs. (11) to 
(14): 
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Based on a multiple-scale expansion, the macroscopic advection-diffusion equation of the σ species is derived : 
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where m is molecule mass, and m=ρ/n. The diffusion coefficient in above equation is defined as: 
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4. Results and discussion 
4.1 Structure of anisotropic porous materials 
The structure characteristics of porous media can be examined using the two-point correlation function Rz as:  
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Fig. 4 shows the two-point correlation function of anisotropic porous media which constructed by the different 
anisotropic strength ψ. It is clear to see that the shape of Rz curve is basically uniform with ψ varied from 0 to 0.6, 
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thus the anisotropic strength do not evidently affect the two-point correlation of anisotropic porous media when 
ψ<0.6. The average box-counting measurement was employed to count fractal dimension of porous media with 
different anisotropic strength. The process of box-counting method can be briefly expressed as: (1) The measured 
image is overwritten by several small-square that have equal side-length (r1);  (2) If there is at least one pixel of pore 
in one of small-square, the small-square is remarked as effective square, The total number of which is calculated as 
N (r1); (3) The side-length of small-square is changed to r2, where r2 is a half of r1, and the new effective square is 
recounted as N (r2); (4) If the side-length is reduced step by step, a series of N can be obtained.  
As shown in Fig.5, the relationship between the sizes of boxes and the number of boxes is linear on log-log figure, 
and the slope of fitted lines which indicate the fractal dimension are almost the same. These results illustrate the 
effect of anisotropic strength on average fractal dimension of anisotropic porous media is not significant. 
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Fig.4. Two-point correlation function of anisotropic porous materials. 
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Fig.5. Sizes of boxes vs. the number of boxes. 
4.2 Diffusion process in anisotropic porous materials 
As mention in this introduction, the effective diffusion coefficient is a key parameter to present the diffusion 
process VOCs in the porous building materials. In this paper, the effective diffusion coefficient of reconstructed 
anisotropic porous materials are examined, and the relationship between effective diffusion coefficient and structure 
characteristics of anisotropic porous materials are analyzed. 
As shown in Fig.6, it is obvious that the tortuosity in the privileged direction is lower than in the direction 
perpendicular to it; hence the effective diffusion coefficients in x-direction are significantly less than in y-direction 
at the same porosity when the porosity is 0.8.  
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Fig.6. Effect of the anisotropic strength on the effective diffusion coefficients.  
Fig.6 also presents the difference of the effective diffusion coefficients between x- and y- direction increases with 
the anisotropic strength increases from 0.8 to 0.9, which can be explained by analyzing the mean chord-length for 
different orthogonal directions. The mean chord-length lC in the orthogonal directions is introduced to 
straightforward reflect the tortuosity of porous media. The chord-length distribution is a length distribution of lines 
with the endpoint at the two-phase interface, which is used for assessing the connectedness of stochastic porous 
media. As shown in Fig.7, the mean chord-length increases with the increasing anisotropic strength in the privileged 
direction, but decreases slowly with anisotropic strength increases in the direction perpendicular to the privileged 
direction. In this context, the difference of the tortuosity is larger when the ψ varied from 0.2 to 0.9. These data 
agree with the theoretical analysis for anisotropic porous media constructed by randomly distributed elliptic 
obstacles qualitatively [10]. 
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Fig.7. Effect of the anisotropic strength on the mean chord-length for anisotropic porous media. 
5.Conclusions 
In this study, the lattice Boltzmann method was applied to gas diffusion in the anisotropic stochastic fractal 
reconstructed porous materials. By changing the anisotropic strength parameter of the structure filter, the anisotropic 
porous media are generated with the different degree of anisotropy. Interestingly, the two-point correlation function 
and average fractal dimension dependence on anisotropic strength are not significant when anisotropic strength is 
less than 0.6. The gas diffusion in stochastic fractal porous media was simulated using LBM. The result shows that 
the effect of Hurst exponent on the effective diffusion coefficients of anisotropic porous materials is important. Due 
to the difference of mean chord-length, the ratio of effective diffusion coefficients along orthogonal diffusion 
directions decreases when anisotropic strength varied from 0.2 to 0.9. Further research is needed to quantify the 
effects of the anisotropic strength on structure characteristics, which may be an effective way to reconstruct porous 
media based on the fractal descriptors of real anisotropic building porous materials. 
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